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LATERAL MODE STABILIZER FOR CORIOLIS FLOWMETER
FIELD OF THE INVENTION

This invention pertains to Coriolis flowmeters and, more particularly, to
apparatus and a method for altering the lateral mode flow tube vibration frequencies
of a Coriolis flowmeter. This invention further pertains to apparatus and a method for
increasing the frequency separation between the flow tube resonant drive frequency
and the flow tube lateral mode vibration frequencies.

PROBLEM

Coriolis flowmeters are characterized by a flow tube through which material
flows while the flow tube is caused to vibrate at its resonant frequency. When material
is not flowing, every point on the flow tube vibrates in phase with every other point on
the flow tube. Two pick off devices positioned at different points on the flow tube
generate sinusoidal signals that have the same phase when no matetial flows and
have a phase difference between them when material flows. This phase difference
is due to Coriolis forces generated by material flow through the vibrating flow tube.
The magnitude of the phase difference between any two points along the length of the
flow tube is substantially proportional to the mass flow rate of the material flow.
Coriolis mass flowmeters employ signal processing that determines this phase
difference and produces an output signal indicating the mass flow rate along with
other information pertaining the material flow.

In operation, the flow tube is driven out of phase with an adjacent parallel
member, such as a balance bar for a straight tube Coriolis flowmeter. The drive force
is generated by an electro mechanical driver which generates out of phase vibrations
of the flow tube and the balance bar at their combined resonant frequency. For
discussion purposes, the balance bar and flow tube may be said to be driven in a
vertical plane by the driver. These vertical vibrations are relatively large since they are
at the first out of phase bending mode of the fiow tube and balance bar and they are
driven at their resonant frequency.

The Coriolis deflections of the vibrating flow tube with material flow also occur
in the same vertical plane as the drive vibrations. The Coriolis deflections occur at the
drive frequency but the tube deflection has the shape of a bending mode with a higher
frequency. Therefore the amplitude of the Coriolis deflections is considerably less
than the amplitude of the flow tube drive frequency vibrations. Even though the
amplitude of the Coriolis response is relatively small, it is the Coriolis response that
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generates the pick off output signals that are processed by meter electronics
apparatus to generate the desired _r_nes_s flow rate and other information pertaining to
the flowing material. The output_-'error of a Coriolis f_ipwmeter may typically be .15%
or less. In order to achieve this accuracy, it is neeessary that the Coriolis pick off
signals be free as poss:ble from noise and unwanted signals that can impair
processing of the Conohs pick off sngnals '

In the operation of a Coriolis flowmeter, the sighals induced in the pick offs
comprise not only the desired small arhplitude Coriolis response signals, but also
comprise unwanted s:gnals that are apphed to the processmg circuitry along with the
desired Coriolis response S|gnals The recelpt of these unwanted signals impairs the
ability of the processing circuitry to generate output sugnals meeting the objective of
less than .15% error.

The unwanted pick off signals may be caused by ambient noise from the
surrounding environment. Ambient noise may be due to near by machinery and
vibrations caused by nearby automobile and railroad traffic. It may also be caused
by vibrations in the pipeline to which the Coriolis flowmeter is connected. Ambient
noise can be ov'ercorlne_.by proper mounting of the flowmeter to isolate it from the
vibrations caused by machinery' and traffic. The hoise from connected pipeline
vibrations can be overcome by appropriate isolation of the flowmeterfrom the pipeline.

Another source for the unwanted signals is unwanted vibrations in the
flowmeter. These unwanted vibrations are more difficﬁlt to overcome and can be
minimized, but not elimi_n_ated, by irhproved flowmeter design.

All Coriolis flowmeters have mode shapes that result from driving the flow tube
at its resonant frequ'jeney. A typical flotheter has vibretional modes that are
characterized by their shape as follows: |

In phase bend (IPB)

in-phass lateral (IPL)

Out-of phase bend (Drive)

Out-of phase lateral (OPL)

Balance bar secbn_d (bend)

The out of phase bend is the desired drive mode; the rest are unwanted modes. All
of these modes are inherent to any Coriolis flowmeter; but good design can minimize,
but not eliminate, the unwanted modes. Also, the frequency of these modes changes
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with the density of the flowing material. When a mode changes frequency, there is a
potential for mteractlon between neighboring modes that may cause the flowmeter to
become unstable and produce incorrect output date. A mentioned above, the mode
that is desired and used to generate the desired output information of the flowmeter
is the out of phase bend drive mode. Itis this mode that generates the Coriolis forces.
The resulting Coriolis response is detected by the pick offs which generate the signals
that are used to provide the flowmeter output information.

The in phase lateral and the out of phase lateral vibrations are a problem that
must be address in the design of any flowmeter. It is an objective of good Coriolis
flowmeter designto ensure thatthe drﬁ/e frequencyis separated from the lower in-phase
lateral frequency and the higher out-of phase lateral frequency by an amount sufficient
to avoid or minimize the adverse effects of the two different lateral frequencies on the
processing of the Coriolis separate response signal. This is necessary so that the
electronic processing circuitry can generate output signals having the required error
of less than .156%.

The unwanted lateral vibrations can be excited by the drive frequency due to
asymmetry of the various flowmeter parts as well as by the ambient noise. The existence
of the lateral vibrations is tolerable as long as the frequencies are separated from the
drive frequency by sufficient amount. if this separation is inadequate, the proximity
of the lateral frequencies to the drive signal frequency can produce beat frequencies
and interactions that produce unwanted pick-offs signals that are applied to the electronic
processing circuitry along with the desired Coriolis response signal. If these undesired
lateral mode signals have an excessive amplitude and/or are close to the frequency
of the Coriolis response signal, the electronic processing circuitry may be unable to
process the Coriolis signal to generate output information having the desired accuracy.

It may be seen from the above that it is a problem in the design and operation
of Coriolis flowmeters to minimize the adverse impact of signals generated by undesired
modes of vibration so that the processing of the Coriolis response signal and the output
accuracy of the output signal of the flowmeter is not compromised.

SOLUTION

The above problem s solved and an advance in the artis achieved by the present
invention which comprises apparatus and a method for altering the vibrational
characteristics of Coriolis flowmeter flow tubes so that the drive and Coriolis response
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frequency is separated by an adequate amount from both the in-phase and out-of phase
lateral vibration frequencies. This incréaSed separation enhances the ability of the
associated meter electronics to process the Coriolis response signalsothatit can achieve
the desired output accuracy ' '

As above described, the unwanted signals that can interfere with the processing
of the Coriolis response signals are f:lue totwo causes. Thefirstis caused by the presence
of ambient noise. The second is due to unwanted vibrations in the structure of the
flowmeter. Both of these causes can produce unwanted sugnals which can impair signal
processing of the Coriolis response signal.

Ambient noise can be reduced to an acceptable level by improved mechanical
isolation of the Coriolis flowmeter from the source of the noise. The signals generated
by the unwanted rowfneter vibrations are primarily due to asymmetry in the flowmeter
structure. This asymfnetfy may be due to imperfect mounting of the driver and/or pick
offs in the vertical plane. This asymmetry may also be due to imperfect welds or braze
operations in the meter fabrication. As a result of this asymmetry, a driver, for example,
may vibrate the flow tube in a desired vertical plane; but fr;iay also vibrate the flow tube
to a lesser extent in an undesired lateral plane. Similarly, the attachment of the pick -
offs to the flow tube may be less than pcrfect so that the pick offs respond primarily
to motion in the vertical plane, but they also respond to motion in the lateral plane. In
other words, no Coriolis flowmeter achieves total perfection in either its fabrication and/or
operation and, as a result, eiemehts of the flowmeter which should operate only in a -

- verntical plane also have aresponse, even thodgh small, in a plane thatis perpendicular

to the vertical plane. As a result, these elements have an undesired lateral component
to their vibration as well as the desired vertical component. This lateral component,
all though small, can cause unwanted signals in the pick off outputs. '
The solutionto the unavoidable presence of lateral vibrations is to alter the flowmeter
structural characteristics to achieve control overthe lateral vibration frequencies. This
enables the lateral vibration frequencies to be separated a greater amount from the
frequency of the drive signal and the Coriolis response signal. The increased frequency -
separation reduces both the lateral vibration amplitude and beat frequencies and their
interactions with the Coriolis response signal. The increased separation of the lateral
mode frequencies from the drive and Coriolis response frequencies also permits easier

processing of the Coriolis response signal by the associated meter electronics. Alateral
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mode frequency that is unacceptably close to the Coriolis response signal frequency
requires an extremely narrow band width and selectxvaty inthe signal processing circuitry.
This narrow band WIdth and selectivity is difficult and éXpensrve to achieve.
Conversely, when lateralmode vibration frequencies are separated by an adequate
amount from the Coriolis response frequency, the band width and selectivity requirements
of the meter electronics element is reduced so that the Coriolis response signal can
be processed to achieve the desired accuracy in the flowmeter output infarmation. The
reason for this is that the increased frequency separation permits the selectivity of the
meter electronics to reject, or reduce to an acceptable level, the lateral mode signals.
The apparatus and method of tﬁe present invention achieves control of the lateral
vibration frequencies by the use of a concentric ring affixed over the ends of the flow
tube with lateral axial extensions on the ring contacting the flowtube on each of its sides.
These lateral axial extensions increase the flow tubes stiffness for lateral vibrations
significantly and only moderately affect the flow tube vibrations in the vertical (drive)
plane. As aresult, an increased separation is achieved between the vertical flow tube
(drive) frequency and the flow tube lateral vibration frequencies. This increased frequency
separation eliminates the undesirable consequences of the lateral mode vibration
frequencies by making signal processing of the Coriolis response signal easier with
enhanced accuracy in the flowmeter output information.
It can be seen that a first aspect of the invention includes a Coriolis flowmeter
having:
a flow tube for receiving a material flow;
a balance bar coupled to said flow tube;
a driver that vibrates said flow tube and said balance bar in a drive plane
in phase opposition to each other;
said vibrations in said drive plane and said material flow are jointly effective
for inducing Coriolis deflections of said flow tube;
pick off means coupled to said flow tube that detect said Coriolis deflections;
said pick off means generate signals representing information pertaining
to said material flow in response to said detection of said Coriolis deflections:
meter electronics that receive said signals from said pick off means and
generates output information pertaining to said material flow;
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said Coriolis flowmeteris subject in operation to the presence of unwanted

lateral vibrations of said flow tube in a 'plane offset from said drive plane; -
‘said lateral vibrations generate unwanted signals in said pick off means;

said unwanted signals make difficult the p'robessing of said pick off signals
representing said Coriolis deflections when the frequeﬁcy separation between said drive
frequency and said fateral vibrations is less than a d_esired amount;

said Coriolis flowmeter further includes:

lateral mode stabilizer means coupled tc}' said flow tube and said balance
bar; _ _

said lateral mode stabilizer means atlters the frequency of said lateral
vibrations and thereby increases the frequency separation between said drive frequency
vibrations and the frequency of said lateral vibrations b'eyond said desired amount to
facilitate the processing of said Coriolis signals by said .meter electronics.

A second aspect of the invention includes, the Coriolis flowmeter of the first aspect
wherein said lateral mode stabilizer means includes extension means affixed to a first
and a second side of said flow tube for raising the resonant frequency of said lateral
vibrations. )

- Athird aspéct of the invention includes, the Coriolis flowmeter of the first aspect
wherein said lateral mode stabilizér means includes:"

afirst lateral mode stabilizer that couples a first end of said balance bar
to a first wall portion of said flow tube; |

a second lateral mode stabilizer that couples a second end of said balance
bar to a second wall portion said flow tube;

a ring element on each lateral mode stabilizer having a circular opening
for receiving said flow tube; ' '

a first and a second lateral extension on each lateral mode stabilizer
extending axially inward from said ring portion towards an axial center of said flow tube
along the lateral sides of said flow tube;

said lateral extensions are effective to raise the resonant frequency of
the lateral vibrations.

Afourth aspect of the invention includes, the Coriolis flowmeter of the first aspect
wherein:
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said lateral mode stabilizer means comprises a first lateral mode stabitizer
coupled to a first end of said balance bar and a second lateral mode stabilizer coupled
to a second end of §ald balance bar;

said first end and said second end of said balance bar are coupled to a
first wall portion and a second wall portion, respectively, of said flow tube;

said balance bar is oriented substantially paraile! to said flow tube;

each said fateral mode stabilizer has a cylindrical ring element having
a circular opening for receiving said flow tube;

said cylindrical ring element of each said lateral mode stabilizer positioned
between an outer wall of said flow tube and an inner wall of said balance bar;

each said lateral mode stabilizer includes lateral extensions defining lateral
circumferential segments that extend axially inwardly from said ring element along opposing
circumferential portions of said flow tube towards a longitudinal center of said flow tube:

said lateral extensions are effective to raise the lateral resonant frequency
of said flow tube while tleaving the resonant frequency of said drive vibrations substantially
unaltered;

top and bottom circumferential top and bottom segments of each said
lateral mode stabilizer defining voids circumferentially adjacent said lateral circumferential
segments defined by said extensions.

A fifth aspect of the invention includes, the flowmeter of the first aspect wherein:
said lateral mode stabilizermeans comprises a first lateral mode stabilizer
and a second lateral mode stabilizer: )
each lateral mode stabilizer defines a cylindrical a ring element having
a circular opening adapted to receive said flow tube;

a pair of lateral extensions. affixed to said ring-like element oriented
circumferentially opposite each other and extending inwardly from said ring element
along opposing lateral surfaces of said flow tube towards a longitudinal center of said
flow tube;

a pair of void elements positioned circumferentially opposite each other
and extending inwardly from said ring element towards said longitudinal center of said
flow tube with said void elements being circumferentially positioned between said pair

of extensions;
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said lateral extensions stiffen said flow tube with respect to said lateral
vibrations while leaving the stiffness of said flow tube relatively unaffected with respect
to vibrations in said drive plane; |
“said pair of void elements permit and said lateral extensions permit said
flow tube to be relativély unaffected with respect to vitqraﬁons of said flow tube in said
drive plane; : ' ' o
the stiﬁenin'g- of said flow tube for lateral vibrations raises the resonant
frequency of said lateral vibrations of said flow tube and causes an increased frequency
separation between said Coriolis response frequencyand said lateral vibration frequencies
of said flow tube. o |
A sixth aspect éf the invention includes, the Coriolis flowmeter of the first aspect
and further includes: o
a substantially cylindrical case enclosing saiﬂ flow tube and said balance
bar and said lateral mode stabilizer means; |

afirstand a second case connectlink coupled to a first end and a second

- end of said balance bar and to said flow tube and said lateral mode stabilizer means;.

a first outer end of said case connect link is connected to a first inner
wall portion of said case; ' |
a second outer end of said case connect link is connected to a second
inner wall portion of said case circumferentially opposite said first inner wall portion.
Inaseventh aspect, the flowmeter of the sixth aspect wherein said case connect
link defines: |
a substantially flat element extending from said first outer end to said second
outer end;
a substantially circular opening in a mid portion of said flat element;
said circular opining receives said flow tube and said ring portion of said
lateral mode stabilizer means. |
An eighth aspect the inventor includes a method of increasing the frequency
separation between a desired drive frequency and an undesired lateral vibration frequency
of a Coriolis flowmeter;
said method comprising the steps of;
driving a flow tube of said Coriolis flowmeter in a drive plane ata resonant
frequency of said flow tube and a balance bar coupled to said flow tube;
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coupling a lateral mode stabilizer means to circumferential side portions
of said flow tube for stiffening said side portions wnth respect to lateral vibrations;

said stlffemng being effective for raisiig fhe lateral vibration frequency
of said flow tube beyond the lateral vibration frequency of said flow tube when devoid
of a coupling with said lateral mode stabilizer means.

A ninth aspect of the invention includes, the method of the eighth aspect wherein
the step of coupling comprises the step of coupling circumferential lateral extensions
on said lateral mode stabilizer means to opposing circumferential sides of said flow
tube to stiffen said sides of said flow tube with respect to lateral vibrations.

Atenth aspect of the invention includes, the method of the ninth aspect and further
includes the steps of coupling said flow tube and said lateral mode stabilizer means
as well as a balance bar of said Coriolis flowmeter to a case connect link; and

coupling opposing ends of said case connect link to an inner surface of
a case enclosing said Coriolis flowmeter.
DESCRIPTION OF THE DRAWINGS _

These and other objects and features and advantages of the invention may better
be understood from a reading of the foliowing detail description of one possible exemplary
embodiment thereof taken in conjunction with the drawings in which:

Figures 1 and 2 disclose the lateral mode stabilizer provided in accordance with
the present invention;

Figure 3 is a side cross section view of a single straight tube Coriolis flowmeter
embodying the invention;

Figure 4 is a view of the flowmeter taken along line 4-4 of figure 9.

Figure 5 is a cross section side view of a flowmeter embodying the invention
and;

Figure 6 ts an isometric pictorial view of the flowmeter of figure 3 embodying
the lateral mode stabilizer of figures 1 and 2;

Figures 7 and 8 are additional isometric pictorial views showing the Coriolis
flowmeter of figure 3 and embodying the lateral mode stabilizer of figures 1 and 2.

Figure 9 is a side view of a portion of a flowmeter embodying the invention.

This Sheet Has Been Replaced
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'DETAILED DESCRIPTION
Description of Figures 1.2 and 3 - ' _

- The present invention comprises a Coriol'is'ﬂownj'eter embodying the lateral mode
stabilizer of the present invention for altering the Iateral resonant frequency of the flow .
tube while leaving the resonant vertical drive frequency and Coriolis response frequency
ofthe flow tube substant'ia_illl'y unchanged. The lateral mode stabilizeris shown in figures
1 and 2.  Figures 3 through 8 show the lateral mode stabilizer embodied in a straight
tube Coriolis flowmeter. |

The lateral moae stabilizer of figures 1 and 2 comprises a cylindrical member

~101 having a center Qpehihg 115 adapted to receivé flow tube 303 of figures 3 - 8.
Cylindrical member 101 hés an exterior surface comprising a ring elémént 204 (shown
in figure 2) and a pair of lateral side extensions 108 each having an end 104 and lateral
surface 205. Lateral mode stabilizer 101 has a groove 106 onits top and bottom portion
for receiving teeth 411 of a case connect link 401 as best shown on figures 4, and 6.
Lateral mode stabilizer member 101 has a pair of side grooves 107 which are used
to facilitate a brazing operation when member 101 is:aff_ixed to flow tube 303 during
the manufacturing process. - : C

Figure 1 is an end view lateral mode stabilizer 1 01 as viewed from line 1-1 on
figure 2. Elements 109 oﬁ figure 1 are void quadrant portions of member 101 and are
positioned circumfer'entiaily between the two quadrants comprising lateral extensions
108 of element 101. As shown on figures 1 and 2, each circumferential void 109 comprises
a circumferential segment or quadrant positioned at the top and bottom of element 101
between the two Iateraliquadrants comprising extensions 108. Element 105isthe inner -
surface of void quadrant rﬁemb'er 109. The two lateral extensions 108 are shown on
the left and right side of figure 1 with element 104 being the right rear edge of each
extension 108 on Figure 2.

On figure 2, lateral mode stabilizer element 101 has an exterior surface which
may be functionally dividable into a ring element 204 a_nd'the pair of lateral extensions
108 having outer surface 205. The left end of element 101 on figure 2 comprises a
end surface 202 substantially perpendicular to ring ele.me"nt 204 as well as an inclined
surface 203 interconnecting the outer circumferential portion of end surface 202 with
the left end of ring element 204. Surfaces 202 and 203 together with grooves 106 permit

case connect link 401 and its teeth 411 on figure 6 to engage grooves 106 of lateral
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mode stabilizer element 101. Elements 111, 112, 114 and 116 comprise the upper
and lower edges of lateral extensions 108.

Figure 3 is a ‘tross sectional view of a strafght‘ fube Coriolis flowmeter 300
embodying the presentinvention. Flowmeter 300 comprises case 301 which encloses
flow tube 303 and a surrounding concentric balance bar 302 which are joined at the
left and right ends of balance bar 302 to lateral mode stabilizer element 101. Flowtube
303 extends through case end 310 and neck portion 315 and terminates in flange
elements 306. The left end of flow tube 303 is element 307, the right end of flow tube
303 is element 318. A pair of pick offs LS and RS comprises left and right coils 312
and left and right magnets 313. The flowmeter further includes a driver D, 309, coupled
to the balance bar 302 and flow tube 303 for driving the balance bar and flow tubes
out of phase with respect to each other at the first bending mode resonant frequency
of the flow tube/balance bar structure.

A drive signal is generated by meter electronics 316 and applied over conductor
328 to driver 309 to vibrate the flowtube/balance bar pair at its first bending mode resonant
frequency. The meter electronics receives signals from pick off LS and RS over paths
317 and 319 representing the Coriolis displacement of the vibrating flow tube with material
flow. The meter electronics 316 processes these signals to generate mass flow and
otherdesired information pertaining to the material flow. Flowmeteroutputinformation
is applied over path 320 to a utilization circuit not shown.

Element 304 comprises the wall of case 301. Since figure 3 is a cross sectional
side view of flow tube 303, the connection of lateral mode stabilizer 101 to case connect
link 401 is not shown. Also not shown on figure 3 is the connection of the end portion
407 of case connect link 401 to the rear inner wall 321 of case 30t1. Element 305
represents the space between the inner surface of balance bar 302 and the outer surface
of flow tube 302.

Description of Figures 4 and 5

Figure 4 discloses a butterfly shaped case connect link 401 having an outer
left end 407 connected to the inner wall 408 of flowmeter case 301. The outer right
end 403 of case connect link 401 as shown on figure 4 is also attached to the inner
wall 408 of case 301. Figures 4 and 5 together disclose how lateral mode stabilizer
element 101 is coupled to flow tube 303, balance bar 302 and case connect link 401.

Figure 4 is an end view of the structure of figure 5 taken along lines 4-4 of figure 5.

11
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In other words; figure 4 is a cross sectioned end view of the flowmeter structure taken
from a mid portion of the flowmeter. On figure 4, the center portion of flow tube 303
is shown with the mnermost palr of concentric hatched lmes being a cross section of
the wall of flow tube’ 303 Affixed to the left and nght S|de portions of the wall of flow
tube 303 are the left and nght lateral surfaces 104 of the cyhndncal lateral mode stabilizer
element 101. The circumferential edge portions of_-,t_he left lateral surfaces 104 are
represented by th'e-lihe'sj 11 and 112 on figure 4. Thé corresponding lines on the right
side this figure are thé circumferential extremities of tﬁ%e'ri:ght lateral surfaces 104 whose
circumferential edges} are 114and 11 6on figure 1. Element 113 onfigure 4 isthe surface
of bottom void 109 a;?; shown on figure 2. The upper moét line 113 is the inner surface
of the top void 109 as shown on figure 2. : | '

The nextpair of ciréumferential hatched lines extending outwardly from the center
of flow tube 303 are thé walls of balance bar 302. Thié"-ié. cross hatched segment 421.
The outer surface of segment 421 on the top and botfbm of figure 4 define the portion
of case connect link 401 that is afflxed to the top and bottom portions of balance bar
302. The left side of flgure 4 shows the left end 407 of case connectlink 401 connected -
to the inner surface of case wall 408. The right snde___ of figure 4 shows the right end
403 of case connect link 401 connected to the inner sm_:_'rfabe of case wall 408. Element
406 is the junction of case connect link 401 and balaince-bar 302.
Description of Figure 6 :

- Figure 6 disclose flowtube-303, and balance barSQz together with a detail showing
how case connect link 401 and lateral mode stabilize_r'.:1 01 couple the ends of balance
bar 302 and to flow tube 303. The lateral extensions 108 of lateral mode stabilizer 101
are clearly shown as are the axially inner ends 104 of the right lateral side extension
108. Also shown are the inner ends 113 of voids 109_ of lateral mode stabilizer 101.
The teeth 411 on case connect link 401 are adapted;.'to enter grooves 106 of lateral
mode stabilizer 101. |
Description of Figures 7 and 8

Shown on figures 7and8are straight tube Coriolis flowmeter 300 having a case
301 enclosing flow tube 303 and its concentric balance bar302. Flowtube 303 extends
from within case 301 fhrough the left and right case ends 310 and neck portions 315
to flanges 306. On figure 7, element 307 is the left end of flow tube 303 and element
308 is the right end of flow tube 303. Flanges 306 enable flow tube 303 to be connected

12
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to a pipeline for receiving the material to be processed by flowmeter 300. Holes 801
in flanges 306 enable the flowmeter to be coupled to the pipeline.
Lateral modé%fgﬁilizer element 101 is showr?‘; "i::gtzpled to each end of balance
bar 302. Lateral mode stabilizer 101 couples balance bar 302 to flow tube 303 and
5 to case connectlink 401. The left outer end 407 of each case conhectlink 401 is shown
connected to the inner surface 321 of wall 321 of case 301 on figure 4. The junction
410 of the right end 403 of case connect link 401 on figure 4 is where the inner wall
321 of case 301 meets the right end of case connect link 401.
Figures 7 and 8 show the detalils of lateral mode stabilizer element 101 and its

10 connection to flow tube 303 and balénce bar 302. On figure 7, lateral mode stabilizer
101 is shown coupledto the [eft and right ends of balance bar 302. Lateral mode stabilizer
101 is affixed to the end of balance bar 302 and positioned between balance bar 302
and flow tube 303. The circumferential ring element 204 of stabilizer 101 completely
encircles flowtube 303. The lateral extension 108 on each side of stabilizer 101 projects

15 axially inwardly towards the center of flow tube 303.

The showing of figures 7 and 8 is essentially the same except that figure 8 is
a cross sectional view of all flowmeter elements while onfigure 7, the lateral mode stabilizer
101 are shown in greater detail. Accordingly, the braze groove 107 on figure 1 appears
on figure 8 as a narrow void between flow tube 303 and lateral extensions 108.

20 It can be seen from the preceding description of flowmeter 300 that the presence
of lateral mode stabilizer 101 enables the vertical vibrations of the flow tube 303 to be
relatively unaffected by lateral mode stabilizer 101 and its lateral extensions 108. it
can also be seen that the lateral extensions 108 are affective in altering the lateral
vibrational characteristics of flow tube 303 as shown on figures 7 and 8. These lateral

25 extension 108 stiffen the lateral portions of the flow tube 303 to which they are affixed.
In so doing, the vibration node or pivot point for lateral vibrations of flow tube 303 is
effectively moved inwardly to the inner end 104 of each lateral extension 108. This
effectively shortens the vibration length of flow tube 303 for lateral vibrations and raises
the resonant frequency of the lateral vibrations.

30 Description of Figure 9

Figure 9 is an exterior top view of the flowmeter of figure 4. Shown on figure
9 are case 301, case connect link 401, flow tube 303, balance bar 302, ring element

204 and lateral extensions 108 of case connect link 101.
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o Table 1
Baseline o _ _ )
Flowmeter SG IPL AF DriveF t AF OPL
5 398 141 539 F 7 546
1.0 377 96 473 19 492
15 351 83 434 35 469
Table 2
Flowmeter
with lateral
mode stabilizer SG- IPC AF DriveFE AF  OPC
.5 436 178 614 - 46 660
1.0 418 122 540 48 588
15 397 98 495 - 55 550

Tables 1 and 2 show the benefits provided by the lateral mode stabilizer of the
presentinvention. Table 1 shows the figures obtained from a base line uncompensated
flowmeter for materials havmg a specrﬂc gravity of .5, 1 .0, and 1.5. Table 2 shows the

~ results of a flowmeter embodymg the lateral mode stabrlrzer of the present invention.

Inboth tables 1 and 2,the columns designated SG represents the specific gravity,

~ the column designated IPL represents the in-phase lateral resonant frequency, the column

designated Drive F represents the resonant drive frequency andthe column desrgnated
OPL represents an out cf phase lateral resonant frequency. The left most column
designated AF represents the frequeney difference between the in-phase lateral frequency
and the drive frequency Tne right most colurnn designated AF represents the frequency
difference between the drlve frequency and the out of phase lateral resonant frequency.

Table 1 indicates that fora spectflc gravrty of 5, the AF between the IPL and

the drive frequency Drive Fis 141. Thisi is an acceptable frequency separatlon so far-

" as concerns the selectivity of the meter el_ectromcs element for the processing of the

pick off signals. However, the AF between the Drive F and the OPL frequencies for
an SG of .5 is only 7 Thisis an unacceptable frequency separation. Itis also so seen
thatthe AF between the Drive F and the OPL.frequencies is 19 and 35 for specific gravities
of 1.0 and 1.5 respectfully. There are also unacceptable separations.

Table2 shows the result obtained when a lateral mode stabilizer is incorporated
into a flowmeter comparable to the baselrne flowmeter of table 1. It can be seen in
table 2 that for all of the indicated values of specrfrc gravity, the AF between the IPL
andthe Drive F frequenciesis consrderably increased overthatforthe comparable meter
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of table 1. Also, it can be seen that the AF between the Drive F and OPL frequencies
is significantly increased over that for the comparable AF of the baseline flowmeter of
table 1. The AF’s of 46, 48, and 55 for specific graviffés'of .5, 1.0 and 1.5 respectfully
are raised considerably and represent an adequate frequency separation to enabie
the meter electronics element 316 to satisfactorily process these signals and obtain
output information of the required accuracy.

As can be seen from table 2, the lateral mode stabilizer allows the lateral modes
of the flowmeter to be increased as well as the AF and Drive F and OPL frequencies
to be kept reasonably constant. This allows greater flexibility in design since the lateral
frequency of the OPL can be lowered without the complication of potential modal cross
over or interference. This results in a meter of increased signal stability.

Insummary, it can be seen from the foregoing that the provision of a lateral mode
stabilizer in a flowmeter provides increased frequency separation between the wanted
and unwanted frequencies and thereby permits the desired Coriolis pick off signals to
be precessed with greater ease to generate output data of increased accuracy.

It is to be expressly understood that the claimed invention is not to be limited
to the description of the preferred embodiment but encompasses other modifications
and alterations within the scope and spirit of the inventive concept. Forexample, although
the present invention has been disclosed as comprising a part of a single straight tube
Coriolis flowmeter, it is to be understood that the present invention is not so limited and
may be used with other types of Coriolis flowmeters including singte tube flowmeters
of irregular or curved configuration as well as Coriolis flowmeters having a plurality of
flow tubes,
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a flow tube (303) for receiving a matenal ﬂow

a balance bar (302) coupled to said flow tube,

a driver (D) that vibrates said flow tube and said balance bar in a drive
plane in phase opposmon to each other; o

said vibrations in said drive plane and sald material flow are jointly effective
for inducing Coriolis deflectlons of said flow tube;

pick off means (LS, RS) coupiedto said ﬂow tube that detect said Coriolis
deflections; - .

said pick off means generate signals representing information pertaining
to said material flow ‘in response to said detection of'séid Coriolis deflections:

meter eiectronics (316) that receive said 's'i'g;r'\als from said pick off means
and generates' outpu,t'information pertaining to said r_tieteﬁal flow;

said Coriolis flowmeter is subjectin operat_ieh' .to the presence of unwanted
lateral vibrations of said flow tube in a plane offset fr_c_jm said drive plane;

said lateral vibrations generate unwanted signals in said pick off means;

said unWanted signals make difficult the proeessing of said pick off signals
representing said Coriolis deflections when the frequenéy's"eparation between said drive
frequency and said lateral vibrations is less than a desired amount;

Charactenzed by: |

lateral mode stabilizer means (101) coupled to said flow tube and said
balance bar;

said lateral mode stabilizer means alters the frequency of said lateral vibrations

and therebyi ncreases_t_he'frequency separation between said drive frequency vibrations
and the frequency of said lateral vibrations beyond said desired amount to facilitate
the processing of said Coriolis signals by said meter electronics.

2. The Coriolis flowmeter of claim 1 wherein said lateral mode stabilizer means
includes extension means (108) affixed to a first and a second side of said flow tube

for raising the resonant frequency of said lateral vibraﬁons.
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3. The Coriolis flowmeter of claim 1 wherein said lateral mode stabilizer means
includes: .
a first lateral géﬁe stabilizer (101) that coupigé'lg' first end of said balance bar
(302) to a first wall portion of said flow tube (303);
5 a second lateral mode stabilizer (101) that couples a second end of said balance
bar to a second wall portion said flow tube;
aring element (204) on each lateral mode stabilizer having a circular opening
(115) for receiving said flow tube;
afirstand a second lateral extension (108) on each lateral mode stabilizer
10 extending axially inward from said riﬁg element towards a longitudinal center of said
flow tube along the lateral sides of said flow tube;
said lateral extensions are effective to raise the resonant frequency of

the lateral vibrations.

4. The Coriolis flowmeter of claim 1 further wherein:
said lateral mode stabilizer means comprises afirst lateral mode stabilizer
(101) coupled to a first end of said balance bar-and a second lateral mode stabilizer
(101) coupled to a second end of said balance bar;
5 said first end and said second end of said balance bar are coupled to a
first wall portion and a second wall portion, respectively, of said flow tube;
said balance bar is oriented substantially parallel to said flow tube;
each said lateral mode stabilizer has a cylindrical ring element (204} having
a circular opening (115) for receiving said flow tube;
10 said cylindrical ring element of each said lateral mode stabilizer is positioned
between an outer wall of said flow tube and an inner walt of said balance bar;
each said lateral mode stabilizerincludes lateral extensions (108) defining
lateral circumferential segments that extend axially inwardly from said ring element along
opposing circumferential portions of said flow tube towards a longitudinal center of
15 said flow tube;
said lateral extensions (108) are effective to raise the lateral resonant
frequency of said flow tube while leaving the resonant frequency of said drive vibrations
substantially unaftered;

-

This Sheet Has Been Replaced - H

(AR

T N




20

10

15

20

WO 00/47956

This Sheet Has Been Repl

JWAAI

top and bottom circumrterentuial 1op and bottom segments (109) of each
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said lateral mode stabilizer defining voids circumferentially adjacent said lateral
circumferential segments (108) deﬁned by said extensions (108).

5. The flowmeter of claim 1 further wherein:
- said lateralmode stabilizer means comprises a first lateral mode stabilizer
(101) and a second lateral mode stabilizer (101);

each lateral mode stabilizer defines a cylindrical a ring element (204) having
a circular opening (115) adapted to receive said flow tube;

a pairof lateral extensions (108) affixed to said ring element (204) oriented
circumferentially opposite each other and extending inwardly from said ring element
along opposing lateral surfaces of said flow tube towards a longitudinal center of said
flow tube;

a pair of void elements (109) positioned circumferentially opposite each
other and extending inwardly from said ring element towards said longitudinal center
of said flow tube with said void elements being curcumferenttally positioned between
said pair of extensions;

said lateral extensions (108) stiffen said flow tube with respect to said
lateral vibrations while leaving the stiffness of said flow tube relatively unaffected with
respect to vibrations in said drive plahe;

said pair of void elements (109) permit and said lateral extensions permit.
said flow tube to be relatively unaffected with respect to vibrations of said flow tube
in said drive plane; '

the stiffening of said flow tube for lateral vibrations raises the resonant
frequency of said lateral vibrations of said flow tube and causes an increased frequency
separation between said Coriolis response frequency and said lateral vibration frequencies
of said flow tube.

6. The Coriolis flowmeter of claim 1 further includes:
a substa'ntially cylindrical case (301) enclosing said flow tube (303) and
said balance bar (302) and said lateral mode stabilizer means (101);
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a first and a second case connect link (401) coupled to a first end and
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a second end of said balance bar and to said flow tube and said lateral mode stabilizer
means; |

a first outer end (407) of said case connect link is connected to a first
inner wall portion (408) of said case;

a second outer end (403) of said case connect fink is connected to said
inner wall portion (408) of said case circumferentially opposite said firstinner wall portion.

7. The flowmeter of claim 6 wherein said case connect link defines:
a substantially flat element (401) extending from said first outer end (407)
to said second outer end (403);
a substantially circular opening (404} in a mid portion of said flat element;
said circular opining receives said balance bar and said flow tube and
said ring element (204) of said lateral mode stabilizer means.

8. A method of increasingthe frequency separation between a desired drive

frequency and an undesired lateral vibration frequency of a Coriolis flowmeter:
said method comprising the steps of;

driving a flow tube (303) of said Coriolis flowmeter in a drive plane at a
resonantfrequency of said flowtube and a balance bar (302) coupled to said flow tube;

Characterized by:

coupling a lateral mode stabilizer means (101) to circumferential side portions
of said flow tube for stiffening said side portions with respect to lateral vibrations:

said stiffening being effective for raising the lateral vibration frequency
of said flow tube beyond the lateral vibration frequency of said flow tube when devoid
of a coupling with said lateral mode stabilizer means.

9. The method of claim 8 wherein the step of coupling comprises the step
of coupling circumferential lateral extensions (108) on said lateral mode stabilizer means
(101) to opposing circumferential sides of said flow tube to stiffen said sides of said
flow tube with respect to lateral vibrations.
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10. The method of claim 9 further comprising the steps of coupling said flow
tube (303) and said lateral mode stabilizer (101) means as well as a balance bar (302)
of said Coriolis flowmeter to a case connect link (401); and
coupling opposing ends (407, 403) of said case connect link to an inner
surface (321) of a case enclosing said Coriolis flowmeter.
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